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Ao ERAT 

A MODE TRANSDUCER TO SEPARATE THE TE, 5 «ND TEsg MODES 
PROPAGATING JN MULTIMODE WAVEGUIDE AND COUPLE THE POWER 
FROM EACH INTO SINGLE MODE WAVEGULDES $5 DESCRIBED, THE 
CONSTRUCTION OF AN EXPERIMENTAL MODEL §S SHOWN AND DATA 
ON §TS PERFORMANCE GIVEN, THE CAPABILITIES OF THIS TYPE 
OF MODE TRANSDUCER ARE DISCUSSED AND MODIFITATIONS TO 
GIVE IMPROVED PERFORMANCE ARE SUGGESTED. 

THE WRITER WISHES TO EXPRESS HIS APPRECIATION TO 
PROFESSOR ROY M, JONNSON FOR SUGGESTING THE STUDY AND FOR 
PROVIDING, ALONG WITH CAPTAIN RALPH Lary, USMC, ASSISTANCE 


AND ENCOURAGEMENT WITH THIS PROJECT. 
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i. INTRODUCTLON 

INVESTIGATION OF THE SCATTERING BY A SLOT §N A MULTIMODE 
WAVEGUIDE REQUIRED THE DEVELOPMENT OF A SPECIALIZED MICRO™ 
WAVE BRIDGE* FOR TAKING EXPERIMENTAL DATA. THE REQUIREMENT 
FOR A BETTER MODE TRANSDUCER FOR USE IN THIS BRIDGE 
INITIATED THE PROJECT DESCRIBED #N THIS PAPER. 

WHEN TWO OR MORE MODES MAY PROPAGATE IN THE SAME WAVE 
GUIDE, &§T 1S NOT EASY TO DETERMINE BY MEASUREMENT THE 
AMPLITUDE AND PHASE OF EACH. THE DIFFICULTIES ARE MAINLY 
PRACTICAL ONES, WHICH WOULD NOT ARISE IF THE EXPERIMENTER 
HAD AT HIS DISPOSAL INFUINITESSMAL PROBES THAT COULD BE 
MOVED ABOUT WITHIN THE GUIDE AT WILL WITHOUT DISTURBING 
THE EX!STONG FEELDS. 

THE SLOTTED“LINE TECHNIQUE 31S NOT APPLICABLE FOR {T 
(S IMPOSSIBLE TO CUT A SLOT IN THE MULTIMODE GUEDE THAT 
WiLL BE EVERYWHERE PARALLEL TO THE LINES OF CURRENT FLOW 
tN EACH OF THE TWO MODES AND WILL THEREFORE SERIOUSLY 
DISTURB THE FIELD OF NES THER, 

THE METHOD OF MEASURING THE FIELDS IN THE MULTIMODE 
WAVEGUIDE THAT WAS ADOPTED CONSISTED OF FIRST TRANSFORM- 
ING THE POWER IN THE TE5Q9 MODE FROM THE MULTIMODE WAVEGUIDE 
TO TEy9 IN SENGLE MODE GUIDE AND SIMILARLY TRANSFORMING 
THE TE,;Q POWER IN THE MULTSMODE GUIDE TO TEyo9 IN ANOTHER 
SINGLE MODE GUIDE. THE PHASE AND AMPLITUDE OF THE FIELDS 
1capr. Racpw L. Lary, USMC, A MicrRowAVe BRIDGE FOR THE 


ACCURATE MEASUREMENT OF SCATTERING MATRICES GENERATED BY 
OBSTACLES In MULTIMODE Wavecutoe, U.S.N.P.S. THests, 1862 





PROPAGATI(NG IN THE SINGLE MODE WAVEGUIDES CAN NOW BE 
MEASURED AND SERVE TO INDICATE THE FIELDS EXISTING §N THE 
MULTIMODE WAVEGUIDE. THE DEVICE USED TO AFFECT THIS 


TRANSORMATION §5S A MODE FRANSODUCER. 


SINGLE MODE WAVEGUIDE 
TERMINAL COUPLING INTO 
TE55 MODE 











Move 
TRANSDUCER 


TEs MODE In THE 
MULTIMODE 
TEy9 MODE WAVEGUIDE 


ve 


SINGLE MODE WAVEGUIDE 
TERMINAL COUPLING INTO 
TEy9 MODE 


FiGure 1 


AN IDEAL MODE TRANSDUCER WILL BE DEFINED TO HAVE THE 
FOLLOWING PROPERTIES: 

Ae. IT SHOULD PRESENT A PERFECT MATCH TO POWER ENTER- 
ING EITHER OF THE SINGLE MODE PORTS WHEN THE MULTIMODE 
PORT §S TERMINATED §N A MULTIMODE MATCHED LOAD (MATCHED 
FOR BOTH MODES). ALSO THERE SHOULD BE NO REFLECTION OF 
EITHER THE TEy9 OR THE TEap ENERGY ENTERING THE MULTIMODE 
PORT WHEN THE SINGLE MODE PORTS ARE TERMINATED IN MATCHED 
LOADS. 

B. THERE SHOULD BE NO COUPLING BETWEEN MODES. TEqQ 
ENTERING THE MULTSMODE PORT SHOULD NOT BE REFLECTED AS 
TEd9 OUT OF THE MULTIMODE PORT OR TRANSMITTED THROUGH THE 
TEd9 SINGLE MODE PORT. TEoQ ENTERING THE MULTIMODE PORT 


a 





SHOULD NOT BE REFLECTED AS TEyQ OUT OF THE MULTIMODE PORT 
OR TRANSMITTED THROUGH THE TEyp) SENGLE MODE PORT. SIMILARLY 
ENERGY ENTERING EITHER OF THE SINGLE MODE PORTS SHOULD BE 
CONVERTED ENTIRELY TO THE DES#HRED MODE !N THE MULTIMODE 
WAVEGUIDE. 

THE PERFORMANCE OF A MICROWAVE MODE TRANSDUCER CAN BE 
SPECIFIED BY THE DEGREE TO WHICH THESE TWO PARAMETERS, 


MATCH AND ISOLATION, ARE OBTAINED. 





Zo REPRESENTATION OF A MODE TRANSOUCER BY THE SCATTERING 
MATRIX 


A MODE TRANSOUCER CAN BE VEEWED AS A JUNCTION OF FOUR 
WAVEGUIDES. TwO OF THE JUNCTIONS ARE THE SINGLE MODE 
WAVEGUIDE PORTS AND THE OTHER TwO PORTS REPRESENT THE TWO 
PROPAGATING MODES POSSSBLE §N THE MULTIMODE WAVEGUIDE. 
FiGuRE 2 DEPICTS THE MODE TRANSOUCER AS A JUNCTION OF FOUR 


WAVEGUIDES WITH ONLY ONE MODE PROPAGATING IN EACH ARM, 


1 | 2 
oo ae a Ss 
J 
3 | ' 4 
Ne a 
FIGURE 2 


TERMINAL NUMBER ONE REPRESENTS THE SINGLE MODE WAVE- 
GUIDE PORT THAT COUPLES §nTO THE TE29 MODE IN THE MULTIMODE 
WAVEGUIDE. 

TERMINAL NUMBER TWO REPRESENTS THE TEdQ9 MODE IN THE 
MULTIMODE GUIDE. 

TERMINAL NUMBER THREE REPRESENTS THE SINGLE MODE WAVE- 
GUIDE PORT THAT COUPLES INTO THE TEyQ MODE IN THE MULTIMODE 
GUIDE. 

TERMINAL NUMBER FOUR REPRESENTS THE TE,9 MOOE UN THE 


MULTIMODE GUIDE. 





XN COMPLETE DESCROPPYIUON OF THE FIELDS WITHEN THE ODEIS- 
CONTINUITY REGION OF THE JUNCTION, Jy WOULD REQUIRE, IN 
ADDITION TO THE DOMINANT PROPAGATING MODES, AN INFINITY 
OF NON“PROPAGATING MODES. THIS COMPLECATION IN THE FIELD 
DESCRIPTION THAT EXISTS AT THE JUNCTION CAN BE AVOIDED BY 
LOOKING ONLY AT THE DOMINANT MODES AT TERMINAL PLANES Ty 
THROUGH Tyg LOCATED SUFFICIENTLY DISTANT FROM THE JUNCTION 
SO THAT THE NON~PROPAGATING HIGHER“ORDER MODES HAVE VANISH- 
EO. IN THE SCATTERING TYPE OF REPRESENTATION THE FIELDS 
ARE DESCRIBED BY THE AMPLITUDES OF THE INCIDENT ANO 
REFLECTED WAVES AT EACH OF THE TERMINAL PLANES. For a TE 
MODE THE FIELOS AT THE TERMINAL PLANE T, (Z=Z,) ARE GIVEN 


ey. / 1/ 
= Pes > 
E 4 (x, ¥, z,) ‘ A, a ~ 5, = 
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eet —) 
| 1 Caza) a A, AY, a iB, Ht, 


were eee 
WHERE Ej ano BY, ane vector MODE FUNCTIONS CHARACTERISTIC 
OF THE TRANSVERSE FORM OF THE OESIJI RED MODE {N THE se GUIOE. 


For TE 
—_> 


muy MODES IN RECTANGULAR GUIDE: /2/ 
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Ey =~ Beth sin KX Cos Ky Y 
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H, = aaa SIN K.X COS Ky) 
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THE PLUS AND MINUS SUPERSCRIPT INDICATE PLUS AND MINUS 





TRAVELING WAVES. Ay AND By AREy, RESPECTIVELY, THE COMPLEX 
AMPLITUDES OF THE ELECTRIC FEELD $[N THE §INCEDENT AND 
REFLECTED WAVE COMPONENTS OF THE DESIRED MODE FIELD AT 


an nonoally 
TERMINAL T,. Sincee,  anoff, are BASIS VECTORS, ANY 


’ ry 
SOLUTION TO THE FIELD EQUATIONS IN RECTANGULAR GUIDE MAY 
BE REPRESENTED BY SUSTABLE FOURIER METHODS. 

THE FUNDAMENTAL EXISTENCE THEOREM /1/ APPLICABLE TO 
THE SCATTERING FORMULATION OF A FIELD PROBLEM STATES THAT 
THE AMPLITUDES OF THE SCATTERED WAVES AT THE VARIOUS 
TERMINALS ARE UNIQUELY RELATED TO THE AMPLITUDES OF THE 


INCILDENT WAVES THEREON. IN THE CASE OF LINEAR OBSTACLES, 


THE AMPLITUDES OF THE REFLECTED WAVES SET UP AT THE TERMINAL 





PLANES Ty, 2 © © Fy BY A SINGLE §INCHOENT WAVE Ay AT Ty5 OR 


A> AT Tos © © or ETCoy ARE: 


Byes O71 1 AY Ciera oA 2 Bi = 51945 
Bo = S23Aa Bo = S22A2 Bo = SayAy 
By = 991A1 Boy Sy2A2 egy SygAy 


By SUPERPOSITION THE AMPLITUDES OF THE SCATTERED WAVES 
RESULTING FROM THE SUtMULTANEOUS [NCHOENCE OF WAVES OF 


AMPLITUDES Ay, «© «© © Ay ARE: 


By = S41An 451242 © © + S1yAy 
Bo = S212A14 52242 . «© + S2uAy 
Bet Og, Aq SgOAS az ° PS yj gAY 


WHERE THE SCATTERING COEFFICIENT S,y 1S A MEASURE OF THE 
AMPLITUDE ANO PHASE OF THE WAVE SCATTERED !NTO THE JTH 
GUIDE BY A WAVE OF UNST AMPLITUDE #NCHOENT §NTO THE KTH 
GUIDE. NOTE THEREFORE THAT Sy, REPRESENTS THE REFLECTION 
COEFFICIENT AT THE TERMINAL T, WHEN ALL OTHER TERMINALS ARE 
MATCHED. IN MATRIX FORM THE SCATTERING PROPERTIES OF A 
WAVEGUIDE STRUCTURE ARE EXPRESSED BY THE ARRAY OF 


COEFFICIENTS CALLED THE SCATTERING MATRIX. 





NN 


ly CAN BE SHOWN /1/ THAT THE SCATTERING MATRIX 68S SYMMET@= 
RICAL AND FOR NON=DESSHPATIVE STRUCTURES IT #€S UNITARY. 
THItS MEANS THAT: 

Suk = Sky 


A 


1 (Fo AN=m™M | 


ND 
N 
x 
2 Sa om Des 7 : 


QO ier z~m 


FOR A FOUR TERMINAL JUNCTION #T HAS BEEN SHOWN BY 
We. He. KumMER /3/ THAT THE FOLLOWING RELATIONS HOLD: 

S13 2 Sig = S23 = S24. Si2 = 1 - Sias Sai = S2a2- 
APPLYING THESE RELATIONSHIPS AND THE RECIPROCITY RELATIONS 
TO THE SCATTERING MATRIX FOR A FOUR TERMINAL MODE TRANS~ 
DUCER §T CAN BE SEEN THAT ONLY THREE SCATTERING COEFFICIENTS 


ARE REQUIRED TO COMPLETELY SPECIFY THE SCATTERING MATREX. 


Oj) 222 


—} 533 = S44 
—> 343 = 531 = 514 = S41 = $23 = S32 = Sag = S42 
212) = tee eee 


534 = 1 - 333 = 543 





THE SCATTERING COEFFICIENTS OF AN JOEAL MODE TRANSDUCER 


WOULD BE; 


ea) 
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Nh 
16 
y 
Nh 
bh 
aR 
— 
WW 
$ 
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— 
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78) 
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pat 


THE SCATTERING MATRIX OF AN 


ec. 


bOEAL MODE TRANSOUCER WOULD 








3. DESIGN OF THE MODE TRANSOUCER 

THE TRANSITION FROM THE TEy9 MODE §N THE MULTIMODE GUIDE 
TO THE TEyQ9 MODE SINGLE MOOE GUIDE 415 A RELATIVELY SIMPLE 
MATTER. S#nce THE FHELD CONFIGURATION 1S THE SAME JN BOTH 
GUIDES THE PROBLEM $5 ALMOST EQUIVALENT TO THAT OF PROVED~ 
ING A REFLECTIONLESS JUNCTION BETWEEN TWO TRANSMISSION LENES 
OF DIFFERENT CHARACTERISTIC IMPEDANCE. A QUARTER WAVE 
MATCHING SECTION §S A COMMON METHOD OF PROVIDING A REFLEC™ 
THONLESS JUNCTION BUT §T HAS THE DISADVANTAGE OF BEING 
FREQUENCY SENSITIVE. IN ORDER TO ALLOW OPERATION OVER A 
BROAD BAND OF FREQUENCHES THE IMPEDANCE TRANSFORMATION WAS 
MADE BY MEANS OF AN BNTERMEDIATE SECTION IN WHICH A GRADUAL 
CHANGE FROM THE DIMENSIONS OF ONE GUIDE TO THOSE OF THE 
OTHER TAKES PLACE (SEE FIGURE 3). PROVIDED THIS TAPERED 
SECTION §S AT LEAST A FEW WAVELENGTHS LONG THERE WILL BE 
VERY LITTLE REFLECTION OVER A WIDE FREQUENCY BAND. SINCE 
THE DIMENSIONS OF THE SINGLE MODE GUIDE ARE SUCH THAT THE 
TEd9 MODE CANNOT PROPAGATE FREELY, ANY TEaQ ENERGY INCIDENT 
WiLL SEE A REACTIVE TERMINATION AND WELL BE ATTENUATED 


RAPHTOLY IN THE SINGLE MODE GUIDE. 


een 


SINGLE Move Guipbe MULT&SMODE GUIDE 


Ss 


FREGURE 3 
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THE TRANSITHON FROM Ting FN MULTIMODE GUIDE TO TEyg 
IN SINGLE MODE GUIDE CAN BE ACCOMPLISHED IN VARIEOUS WAYS /2/., 
THE METHOD USED WAS CHOSEN BECAUSE "MODE PURITY", THAT 45S, 
THE FREEDOM OF EXCITATION OF THE UNDESIRED TE, 9 MODE, 
DEPENDS ON PHYSICAL SYMMETRY ONLY, AND J1Sp5 IDEALLY, NOT A 
FUNCTION OF FREQUENCY. FIGURE 4 SHOWS HOW THIS WAS 
ACCOMPLISHED. THE SEPTUM AT A DIVIDES THE FIELDS MIDWAY 
ACROSS THE MULTIMODE GUIDE AND THEY PROPAGATE AS TEy9 IN 
ARMS B ano C. AS SHOWN BY THE E FIELD vecToRs, TEdo 
INCIDENT UPON THE JUNCTION BECOMES TEy9 WITH FOENTICAL 
AMPLITUDES IN EACH ARM BUT 180° our OF PHASE. THE 909 
TWISTS, CLOCKWISE §N ONE ARM AND COUNTERCLOCKWISE IN THE 
OTHER, GIVE A NET 1809 ROTATION BETWEEN THE TWO ARMS BRING~ 
ING THE E FIELOS BACK IN PHASE AT JUNCTION D WHERE THEY ADD 
AND EMERGE AT EF AS A TEy9 FIELD IN SINGLE MODE WAVEGUIDE. 
MOST OF THE TE4Q INCIDENT AT THE MULTIMODE PORT 1S SHORTED 
BY THE SEPTUM AT A BUT THE RENAINDER BECOMES TEy9 BUT WITH 
THE SAME PHASE JIN EACH ARM. AFTER BEING ROTATED AT B AND C 
THE NET RESULT 4S A 1809 PHASE DIFFERENCE BETWEEN THE 
FIELDS ANO COMPLETE CANCELLATION AT THE JUNCTION D. lF 
THE CROSS SECTION OF THE GUIDE 15 CHANGED SLOWLY AND 
UNIFORMLY OVER A D#STANCE OF SEVERAL WAVE LENGTHS THE 
TEd9 INCIDENT AT THE MULTIMODE PORT WILL BE TRANSFORMED 
INTO TE10 IN THE SINGLE MODE GUIDE WITH LITTLE REFLECTION. 
THE DEGREE OF MODE PURITY THAT CAN BE OBTAINED DEPENDS 
UPON HOW CLOSELY THE ELECTRICAL LENGTHS OF THE TWO ARMS 
CAN BE MATCHED AND HOW ACCURATELY THE FIELDS SPLIT AT 


11 








FIGURE 4 


12 





JUNCTION DO, [F THIS TRANSOUCER COULO BE CONSTRUCTED WITH 
MBEBRROR SYMMETRY ABOUT THE CENTER LINE COMPLETE FESOLATION 
BETWEEN THE TEq9Q AND TE59 MODES WOULD BE OBTAINED AND, 


FURTHER, THIS ISOLATION WOULD BE FREQUENCY §NDEPENDENT. 


13 





4. CONSTRUCTION OF THE MODE TRANSDUCER 

THE DESIGN PRINCIPLES JUST DESCRIBED WERE APPLIED TO 
THE CONSTRUCTION OF A TRANSDUCER FOR SEPARATING THE TEno 
AND TE,9 §N MULTIMODE GUIDE AND TRANSFORMING THEM TO SINGLE 
MODE GUIDE. SINCE BOTH OF THE METHODS USED TO TRANSFORM 
THE FIELDS REQUERED ACCESS TO THE FULL WIDTH OF THE MULTI@ 
MODE GUIDE, ANOTHER SEPTUM WAS INTRODUCED SPLITTING THE 
NARROW DIMENSION OF THE GUIDE, AND CONSEQUENTLY DIVIDING 


THE E FRELO EQUALLY ABOVE AND BELOW THE SEPTUM (FiGuRE 5). 










MULTIMODE 
NAVEGUIDE 


To TEx9 
Moog TRANSDUCER 


To TE409 


Mooe TRANSOUCER 


FeGURE 5 


THE LOWER SECTION OF THE GUIDE TAPEREO UNIFORMLY INFO A 
CROSS SECTION OF SINGLE MODE DIMENSIONS THEREBY FORMING THE 


TE, PORT. THE UPPER SECTION OF THE MULTIMODE GUIDE WAS 


14 





BIFURCATED AND THE CROSS SECTIONS OF EACH ARM TAPERED TO 
CONFORM TO THE DIMENSIONS OF X BAND SYHGCLE MODE GUIDE. 

AT THESE POOUNTS TWO FUECES OF WAVEGUICE, WITH OFPOSITE 

909 tTwiStS, WERE ATTACHED. AFTER THE TWISTS THE GUICES 
CAME TUGETHER AGAIN JN A TAPERED E PLANE Y JUNCTION THAT 
ENDED §N A STANDARD X BANOO WAVEGUICE FLANGE FORMING THE 
TEso PORT. AT 1HE E PLANE Y JUNCTION A BENDABLE SEPTUM 
EXTENDING ENTC THE COMMON ARM WAS PROVIUDCEG TO ALLOW FOR 
ADJUSTING THE DIVISEGCN OF THE £E FIELD AT THAT POINT. 
DETAILS OF THE CONSTRUCTION CAN BE SEEN IN FUGURES 6y 7, 
AND 8. THE THREE PHECES In FEGURE G6 WERE MELLEO OUT OF 
BRASS STOCK. THE TwiStS tn FUGURE 7% WERE FABRICATED FROM 
STANDARD RGSS X BAND WAVEGUICE ANDO THE Y JUNCTION WAS 

MADE BY SANDWICHIENG TOGETHER TWO BEVELED SECTIONS OF WAVE 


GUICE AND A SHEET BRASS SEPTUM, 
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FEGURE 6 
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FLANGE BOLTS TO BRASS 
BLOCK tn FIGURE 6. 
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ADJUSTABLE [ ‘eT MODE WAVEGUIDE 
———— SEPTUM ——_» SX PORT 
FsiGurRe 7 
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Se MEASUE?+ Wu THE CHARACTE RES» #CS Of THE MODE TRANSOUCER 

A RATHC BREDGE WAS ADAPTED, AS SHOWN Yh FUGURE 9, TO 
MEASURE THE SK AT THE TEag AND Fty4qy SINGLE MODE PORTS AND 
ALSG TO MEASURE THE #*SOLATION BETWEEN THEM. THIS DATA 
COULD THEN GE USED TO FIND THE AMPLITUDES OF THE SCATTER- 
GNG COEFFICEENTS. (DETAILS OF THE MEASUREMENT BRIDGE ARE 
COVERED tn Footnote 1.) WithH APPROXIMATELY WO WATTS 
AVAELABLE FROM THE KLYSTRON AMPLIFIER THE MAXIMUM SENSETEW= 
ITY ALLOWED MEASURING POWER RATIOS UP TO 70 DB. 

WHEM THE @SOLATEOCN BETWEEN MOCES WAS FERST MEASURED UT 
WAS FOUND TO BE ON THE ORDER OF 20 OB. THUS WAS CONSIDER- 
ABLY WORSE THAN THE EX?STING MODE TRANSDUCERS THAT WERE JN 
USE AND WHICH HAD AN FSOLATSON OF aBOUT 45 0B. ADJUSTMENT 
OF THE SEPTUM AT THE Y JUNCTION IMPROVED §SOLATESON SOME- 
WHAT BUT THE MAGN CAUSE OF THE CROSS-“COUPLING BETWEEN MODES 
WAS THE DIFFERENCE I§N ELECTRICAL LENGTHS OF THE TWISTED 
WAVEGUIDE SECTIONS. IN OROER TO DETERMINE THE POTENTIAL 
MODE SEPARATICN POSSIBLE WITH THIS Y¥YPE OF MODE TRANSOUCER 
WETHOUT REQUIRING THE MACHINE SHOP TO BUELD AN [EOCENTACALLY 
SYMMETRICAL DEVICE, ONE OF THE TWISTED SECTIGCNS WAS TUNED 
TO THE SAME ELECTRECAL LENGTH AS THE OTHER BY SQUEEZING THE 
BROAD FACES OF THE WAVEGUIDE YOGETHER SLEGHTLY. THIS 
ADJUSTMENT JIN CONJUNCTICN WITH THE SEPTUM ADJUSTMENT REDUCED 
THE CROSS=COUPLENG SETWEEN MODES TO AN JMMEASURABLE AMOUNT. 
ALTHOUGH EXCELLENT ISOLATION WAS OUVTAINED AT THE FREQUENCY 


AT WHICH THE ADJUSTMENTS WERE HADE (9,275 KMC) THE BAND- 





WHOTH WAS REOVCED UCELCAUTE THE PHASE WS. FREGUENCY 
CHARACTERISTICS OF THE TWHEESTEG SECTIONS WERE NOW QUITE 
DIFFERENT. 

FHE REELECTED POWERWAT THE Tia g ANd, TEog SING UE esNiGiE 


PORTS CORRESPONDING TO ARE SHOWN @§N OB ON 


333 











AND | Sua 


Figure 10. THE COUPLING BETWEEN THE TEy9 AND TE2Q9 SINGLE 





MOCE PORTS CORRESPONDING TO 6S SHOWN tn FEUGURE 11, 


54% 





FIGURES 12 aNO 13 SHOW THE SWR AND §SOLATICN FOR THE MODE 
TRANSDUCER PREVEOUSLY EMPLOYED. THE MULTIMODE PORT WAS 
TERMENATED WtTH A MULTIMNGDE MATCHED LOAD FOR ALL MEASURE 


MENTS. 
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om RECOMNENDED MODIFIECAIINS £O IMPROVE PERFORMANCE 

THE PRIMARY CAUSE OF THE HIGH SWR 45 THE REACTIVE LOAD 
SEEN BY (A) THE TEaq MODE INCHOENT UPON THE PORTION OF THE 
TRANSOUCER DESIGNED TO COUPLE OUT THE TEyos AND (8) THE 
TE4Q INCIDENT UPON THE PORTION OF THE TRANSDUCER DESIGNED 
TO COUPLE OUT THE TE2Q9~- =%THIS PROBLEM CAN BE REDUCED BY 
EXTENDSNG THE SEPTUM DIVIDING THE MULTIMODE GUIDE AND 
PNTRODUCENG A RESISTIVE E FEELO VANE 1N THE CENTER OF THE 
SECTION THROUGH WHICH THE TEoQg MODE SHOULD PROPAGATE AND 
SIMILARLY UNTRODUCE A RESSSTIVE SLOT §N THE CENTER OF THE 
SECTION THROUGH WHICH THE TE,y9 MODE SHOULD PROPAGATE. 
THESE RESISTIVE LOADS WOULD SELECTIVELY ABSORB THE REJECTED 
MODE IN EACH ARM OF THE MODE TRANSOUCER ELIMENATING THE 
REACTIVE TERMINATIONS AS A CAUSE OF REFLECTION. THESE 
MODIFICATSONS WOULD ALSO IMPROVE THE JSOGLATLON SINCE THE 
UNDESIRED MODE WOULD BE LARGELY ATTENUATED BEFORE REACHING 
THE REGION IN WHECH FF §$S NORMALLY CANCELLED OUT. ALTHOUGH 
THES WOULD MEAN A 3 DCE LOSS JN COUPLUENG OUF EACH OF THE 
MODES, tT WOULG NOT CREATE ANY PROBLEMS WHEN USED WITH THE 


MULTIMODE MICROWAVE BRIGGE REFERENCED GN FOOTNOTE 1. 
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7. CONCLUSIONS 

WHILE THE PERFORFANCE OF THE MODE TRANSDUCER WAS 
ADEQUATE FOR USE AT A SINGLE FREQUENCY I1N THE MULTIMODE 
MEASUREMENT BRIDGE, THE FULL REALIZATION OF THE BANDOWIOTH 
CAPABILITIES INHERENT §N THIS DESIGN WILL REQUIRE ADHERENCE 
TO EXTREMELY CLOSE MANUFACTURING TOLERANCES. FOR EXAMPLE, 
AT 9.375 KMC FiVE THOUSANDTHS OF AN INCH #N THE X BAND 
GUIDE CORRESPONDS TO ONE DEGREE OF PHASE SHUFT. THE 
DIFFERENCE #§N PHASE SHIFT BETWEEN THE TWO HALVES OF THE 


MODE TRANSDUCER SHOULD BE HELD TO A FRACTION OF A DEGREE. 





ALTHOUGH THE REFLECTION COEFFICIENTS WERE SMALL ENOUGH 
SO THAT SLIDE SCREW TUNERS COULD SE USED TO ACHIEVE A MATCH, 
A MARKED IMPROVEMENT #N THE SWR SHOULD RESULT FROM THE 
MODIFICATIONS DESCRIBED #N SECTION 6, 

TH!tS METHOD OF MODE CONVERSION 81S CAPABLE OF ATTAINIENG 
EXCELLENT ISOLATION AND A tOw SWR OVER A BROAD FREQUENCY 
RANGE PROVIDING THAT THE STRIGENT REQUIREMENTS ON PHYSICAL 


SYMMETRY CAN BE MET. 
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